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(57) ABSTRACT

Amplifier circuits and methods of cancelling the Miller
effects in amplifiers are disclosed herein. An embodiment of
anamplifier circuit includes an input and an output. An ampli-
fier is connected between the input and the output of the
circuit. A voltage source is connected to the output, wherein
the voltage source output is one hundred eighty degrees out of
phase with the voltage output by the amplifier, and wherein
the voltage source cancels gain due to the Miller effect of a
Miller capacitance between the input and output.
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1
CIRCUITS AND METHODS FOR
COMPENSATING FOR MILLER
CAPACITANCE

BACKGROUND

Capacitors located across amplifier gain stages (whether
inherent in a given topology or discretely placed) cause the
amplifiers to suffer from what is known as the Miller effect.
The Miller effect multiplies the given capacitance value by
the value of gain across the stage; thus resulting in a larger
effective capacitance as seen looking into the amplifier input.
This capacitance has the effect of lowering the pole frequency
at the gain stage input due to the higher capacitance. The
result is a lower bandwidth for the amplification stage.

SUMMARY

Amplifier circuits and methods of cancelling the Miller
effects in amplifiers are disclosed herein. An embodiment of
anamplifier circuit includes an input and an output. An ampli-
fier is connected between the input and the output of the
circuit. A voltage source is connected to the output, wherein
the voltage source output is one hundred eighty degrees out of
phase with the voltage output by the amplifier, and wherein
the voltage source cancels gain due to the Miller effect of a
Miller capacitance between the input and output.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an amplifier.

FIG. 2 is a schematic diagram of a single stage transistor
amplifier showing a Miller capacitance between the gate and
drain.

FIG. 3 is a schematic diagram of the transistor amplifier of
FIG. 2 with the addition of a cascode gain stage to cancel the
Miller eftect in the amplifier.

FIG. 4 is a schematic diagram of a differential amplifier
using dynamically biased cascode stages to cancel the Miller
effect in the amplifier.

FIG. 5 is a graph showing gain performance of differential
amplifiers with and without the Miller effect being cancelled.

FIG. 6 is a more detailed schematic diagram of a differen-
tial amplifier using dynamically biased cascode stages to
cancel the Miller effect in the amplifier.

DETAILED DESCRIPTION

Circuits and methods to compensate for the Miller effect in
amplifiers are disclosed herein. The Miller effect amplifies a
capacitance located across the gain stage of an amplifier, such
as a field effect transistor (FET). The term “Miller capaci-
tance” as used herein refers to capacitance across the gain
stage, such as the gate to drain nodes, of an amplifier that is
subject to the Miller effect. The Miller capacitance may be an
internal capacitance that is the result of the components in the
amplifier. For example, the physical layout of a FET may
create a capacitance between the gate and drain, which may
be the gain stage of an amplifier using the FET. Accordingly,
this capacitance is a Miller capacitance and is subject to the
Miller effect. The Miller effect amplifies the Miller capaci-
tance by the amount of gain of the amplifier and thus reduces
the effective pole locations. The result of the reduced pole
locations lowers the circuit bandwidth of the amplifier. By
compensating for or cancelling the Miller effect, the pole
locations are increased in frequency, which maintains or
improves the bandwidth of the amplifiers.
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An example of a Miller capacitance is shown by the ampli-
fier circuit 100 of FIG. 1. The amplifier circuit 100 includes an
amplifier 102 having a gain —Av. The amplifier circuit 100 has
aninput Viand an output Vo, wherein the ideal gain is the ratio
of voltage at the output Vo to the voltage at the input Vi. The
amplifier circuit 100 has an impedance, Z, in the feedback
between the input Vi and the output Vo. In the embodiment
described herein, the impedance Z is capacitive, so the value
of'the impedance is the inverse of sC, wherein C is the value
of the capacitance. The input impedance Zin is equal to the
inverse of sC,,, wherein C,, is the Miller capacitance. It
follows that the Miller capacitance due to the Miller effect is
equal to the input capacitance C multiplied by the sum of one
plus the amplifier gain. Based on the foregoing, the input
capacitance is amplified by an amount that is proportional to
the gain of the amplifier. The increased capacitance produces
a pole at the input and reduces the bandwidth at the input.

FIG. 2 is a schematic diagram of a single transistor ampli-
fier having a Miller capacitance Cm across the gate/drain
connection of a transistor Q1. The transistor Q1 gain stage is
between the transistor gate and drain. As with FIG. 1, the
Miller effect amplifies the value of the Miller capacitance Cm
across the gate and drain of the transistor Q1 and introduces a
pole that limits the bandwidth of the transistor Q1. By limit-
ing the bandwidth of the transistor Q1, the bandwidth of the
amplifier 100 is also limited. As described below, the Miller
effect presents problems when transistors are used in more
complex circuits, such as differential amplifiers, because the
Miller eftect limits the bandwidth of the amplifiers.

FIG. 3 shows the transistor Q1 in an amplifier circuit 110
with the transistor Q2 in cascode configuration. The gate of
the transistor Q2 is biased with an input voltage Vcas. The
voltage Vcas is dynamic, meaning that it can change to follow
the gain related to the Miller effect associated with the capaci-
tance Cm. As described in greater detail, the amplifier circuit
110 serves to cancel the Miller effect related to the capaci-
tance Cm by modulating the output of the transistor Q2 out of
phase with the gain phase of Q1. Thus, the transistor Q2 is
dynamically biased so as to cancel the effects of the Miller
capacitance Cm.

As briefly described above, the amplifier circuit 110 can-
cels the effects of the Miller capacitance. More specifically,
the voltage Vcas cancels the voltage movement at the drain of
the transistor Q1, which is caused by the Miller effect. The
transistor Q1 acts as an inverting amplifier between the gate
and the drain. The transistor Q2 acts as a non-inverting ampli-
fier between the gate and the source. Therefore, by applying
signals at the gates of the transistor Q1 and Q2 that are in
phase, the resultant voltage change at the drain of the transis-
tor Q1 can be set to cancel each other out. The in-phase
voltage at the source of the transistor Q2 cancels the out-of-
phase voltage at the drain of the transistor Q1. Therefore, the
gain of the transistor Q1 as seen by the Miller capacitance Cm
is cancelled. In some embodiments, Vcas is moved more than
the voltage at the drain of Q1, which makes the Miller capaci-
tance Cm appear inductive, so that the feedback by way of the
Miller capacitance Cm becomes positive instead of negative.
The result is a peak in the transfer function between Vi and Vo
along with increased bandwidth.

The amplifier and methods of compensating for the Miller
effect of FIG. 3 are applied to a more complex circuit as
shown by the differential amplifier 150 of FIG. 4. A more
detailed version of the amplifier 150 is shown in FIG. 6 and
described in greater detail below. The amplifier 150 may be
used to read and write data to and from the head of a disc
drive, which is not shown herein. As the speed in which data
is transferred to and from disc drives increases, the bandwidth
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of the drivers and amplifiers needs to increase. The Miller
effect in amplifiers that drive the heads of disc drives reduces
the bandwidth of the amplifiers, which reduces the speed at
which disc drives can read and write data. The differential
amplifier 150 described herein compensates for, or cancels,
the Miller effect to provide an amplifier 150 with greater
bandwidth. When used with a disc drive, the amplifier 150
provides for faster data transfer than conventional amplifiers.

The amplifier 150 has a differential input 152, which is
further defined by a first input 154 and a second input 156. In
some embodiments, the differential input 152 is connected or
otherwise coupled to the read/write head of a hard disc drive,
which is not shown herein. The first input 154 is referenced in
FIG. 4 as a voltage source V; that is connected to the gate of
a transistor Q1. The second input 156 is referenced as a
voltage source V, and is connected to the gate of a transistor
Q2. The input voltages V;, and V, are differential inputs and
may be out of phase with each other. In some embodiments,
the input voltages V;; and V, are one-hundred eighty degrees
out of phase relative to each other.

The drain of the transistor Q1 is connected to the source of
atransistor Q3 and the drain of the transistor Q2 is connected
to the source of a transistor Q4. The transistors Q3 and Q4 are
used for cascode biasing of the transistors Q1 and Q2. The
drains of'the transistors Q3 and Q4 are connected to the output
160 of the amplifier 150. More specifically, the drain of the
transistor Q3 is connected to a first output 162 and the drain of
the transistor Q4 is connected to a second output 164.

The amplifier 150 of FIG. 4 has a first voltage reference
V,; and a second voltage reference V,. The voltage refer-
ences V, and V, may be replaced by the input voltages as
described in greater detail below with reference to FI1G. 6. The
first voltage reference V, is in phase with the first voltage
source V;,; and the second voltage reference V, is in phase
with the second voltage source V,,. The voltage reference
VR1 and VR2 are dynamic, meaning that they change in
response to the input voltages VI1 and VI2, unlike conven-
tional cascode bias voltages that are fixed. Therefore, the
reference voltages V, and V, can change in frequency and
amplitude to offset the Miller effects in the transistors Q1 and
Q2.

A resistor R1 is connected between a voltage source VDD
and the drain of the resistor Q3 and a resistor R2 is connected
between the voltage source VDD and the drain of the resistor
Q4. A transistor Q5 is connected between the sources of the
transistors Q1 and Q2 and a ground node. The transistor Q5
serves as a current source.

The amplifier 150 is subject to the Miller effect due to the
Miller capacitance between the gates and drains of the tran-
sistors Q1 and Q2. The feedback to their respective cascode
biasing transistors Q3 and Q4 compensates for the Miller
effect and reduces the effects of the pole introduced by the
Miller capacitance. The result is that the amplifier 150 oper-
ates with the pole of the Miller capacitance moved much
higher in frequency, which gives it a greater bandwidth rela-
tive to conventional differential amplifiers. The amplifier 150
has been described above as being used with disc drives. It is
to be understood that the amplifier 150 may be used with a
plurality of different devices and is not limited to disc drives.

Having summarily described the operation of the amplifier
150, its operation will now be described in greater detail. A
differential signal is received at the input 152. The differential
signal has a first component that is input to the first input 152
and a second component that is input to the second input 154.
The first and second components may be out of phase with
each other. In the embodiments described herein, the first and
second components are one-hundred eighty degrees out of
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phase with each other; however, they may have any phase
difference, or they may be in phase.

The transistors Q1 and Q2 provide inverting amplification
at their drains. Therefore, the voltages at the drains of the
transistors Q1 and Q2 are one-hundred eighty degrees out of
phase with the voltages at the gates of the transistors Q1 and
Q2. The transistors Q3 and Q4 provide non-inverting gain
between their gates and their sources. Therefore, the voltages
at the sources of the transistors Q3 and Q4 are in phase with
the voltages at their gates. With reference to the firstinput V;,
the input voltage is in phase with the reference voltage V.
Therefore, the voltage from the source of the transistor Q3
cancels the voltage on the drain of the transistor Q1, which
cancels the Miller effect on the transistor Q1. The same
applies to second input V,,, where the voltage at the drain of
the transistor Q2 is cancelled by the voltage at the source of
the transistor Q4. Accordingly, the Miller effects in the ampli-
fier 150 are cancelled and the frequencies of the poles are not
reduced, so the amplifier 150 operates at a high bandwidth.

Reference is made to the graph 300 of FIG. 5 to show gain
and bandwidth performance of different amplifiers that use
and do not use the Miller effect compensation described
herein. The first gain 304 is an example of the gain of a
conventional differential amplifier. The conventional difter-
ential amplifier may be a conventional Cherry Hooper device
wherein the cascode biasing is fixed. Accordingly, the effects
of the Miller capacitance can be seen by the low bandwidth
relative to the other gains. The gain 304 is an example of the
gain of the differential amplifier 150 where dynamic biasing
on the cascode bias transistors Q3, Q4 has been applied. As
shown, the bandwidth of the gain 304 is much greater than
with the fixed cascode biasing on the gain 302.

The amplifier and methods of compensating for the Miller
effect of FIG. 4 are applied to a more complex circuit as
shown by the differential amplifier 200 of FIG. 6. The ampli-
fier 200 is a more complex version of the amplifier 150
wherein feedback is applied for biasing of the cascode tran-
sistors. The differential amplifier 200 described herein com-
pensates for or cancels the Miller effect to provide an ampli-
fier 200 with greater bandwidth than with conventional
amplifiers. When used with a disc drive, the amplifier 200
provides for faster data transfer than conventional amplifiers.

The amplifier 200 has a differential input 202, which is
further defined by a first input 204 and a second input 206. In
some embodiments, the differential input 202 is connected or
otherwise coupled to the read/write head of a hard disc drive,
which is not shown herein. The first input 204 is connected to
the gate of a transistor Q1 and the second input 206 is con-
nected to the gate of a transistor Q2. The drains of the tran-
sistors Q1 and Q2 are connected to sources of transistors Q3
and Q4, which are used for cascode biasing. The drains of the
transistors Q3 and Q4 are connected to the output 210 of the
amplifier 200. More specifically, the drain of the transistor Q3
is connected to a first output 212 and the drain of the transistor
Q4 is connected to a second output 214.

The first input 204 is connected to a resistor R1 which is
connected in series with a resistor R2. The junction of the
resistors R1 and R2 is connected to the gate of the transistor
Q4. The same configuration exists for the second input 206,
which is connected to a resistor R3 that is connected in series
with a resistor R4. The junction of the resistors R3 and R4 is
connected to the gate of the transistor Q3. The resistors R1
and R2 provide resistive feedback dividers of the first input
204. Likewise, the resistors R3 and R4 provide resistive feed-
back dividers of the second input 206. The resistive feedback
controls the level of feed back that is provided to the gates of
the cascode biasing transistors Q3 and Q4. By controlling the
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feedback, the voltage swing at their sources can be controlled
in order to compensate for or cancel the Miller effects of the
transistors Q1 and Q2.

Resistors R1, R2, R5, and R6, along with a transistor Q5
provide secondary feedback of the first input 204 to the gate
of the transistor Q4. The combination of components is
referred to as the first feedback 220. Likewise, resistors R3,
R4, R7, and R8 along with the transistor Q6 provide second-
ary feedback of the second input 206 to the gate of the tran-
sistor Q3. The combination of components is referred to as the
second feedback 222. The first feedback 220 shifts the phase
of the voltage at the first input 204 and feeds it to the gate of
the transistor Q4. The second feedback 222 shifts the phase of
the voltage at the second input 206 and feeds it to the gate of
the transistor Q3. It follows that the voltage at the gate of the
transistor Q3 is in phase with the voltage at the first input 204
and the voltage at the gate of the transistor Q4 is in phase with
the voltage at the second input 206.

As described above, the input 202 voltage at the input 202
may be a differential voltage, so the voltage on the first input
204 is one-hundred eighty degrees out of phase with the
voltage on the second input 206. Therefore, the voltage at the
drain ofthe transistor Q1 is one-hundred eighty degrees out of
phase with the voltage at the first input 204. The same occurs
with the transistor Q2 in that the voltage at the drain is one-
hundred eighty degrees out of phase with the voltage at the
second input 206.

As described above, the differential amplifier 200 is subject
to the Miller effect due to the Miller capacitance between the
gates and drains of the transistors Q1 and Q2. The feedback to
their respective cascode biasing transistors Q3 and Q4 com-
pensates for the Miller effect and reduces the effects of the
pole introduced by the Miller capacitance. More specifically,
the voltage at the source of the transistor Q3 is in phase with
the voltage at the input 204. Because the transistor Q1 is an
inverting amplifier between the gate and the drain, the voltage
atthe drain will be cancelled by the voltage at the source of the
transistor Q3. The same applies to the voltage at the input 206,
which is in phase with the voltage at the source of the tran-
sistor Q4. The result is that the amplifier 200 operates with the
poles of the Miller capacitances moved much higher in fre-
quency, which gives the amplifier 200 a greater bandwidth
relative to conventional differential amplifiers. The amplifier
200 has been described above as being used with disc drives.
It is to be understood that the amplifier 200 may be used with
aplurality of different devices and is not limited to disc drives.

The foregoing description of specific embodiments of
Miller effect compensation has been presented for purposes
of illustration and description. The specific embodiments
described are not intended to be exhaustive or to suggest a
constraint to the precise forms disclosed, and many modifi-
cations and variations are possible in light of the above teach-
ing. The illustrated embodiments were chosen and described
in order to best explain principles and practical application, to
thereby enable others skilled in the art to best utilize the
various embodiments with various modifications as are suited
to the particular use contemplated. It is intended that the
language of the claims appended hereto be broadly construed
so as to cover different embodiments of the structures and
methods expressly disclosed here, except as limited by the
prior art.

What is claimed is:

1. An amplifier circuit comprising:

an input;

an output;

an amplifier connected between the input and the output;
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a voltage source connected to the output, wherein the volt-
age source output is one hundred eighty degrees out of
phase with the voltage output by the amplifier, and
wherein the voltage source cancels gain due to the Miller
effect of a Miller capacitance between the input and
output;

wherein the voltage source comprises a transistor in cas-
code biasing with the amplifier, wherein the voltage at
the gate of the transistor is in phase with the voltage at
the input of the circuit;

wherein the voltage at the gate of the transistor in cascode
biasing is coupled to the amplifier input.

2. A differential amplifier comprising:

a first input connected to the input of a first amplifier;

a second input connected to the input of a second amplifier;

a first cascode stage connected to the output of the first
amplifier, the first cascode stage outputting a voltage that
is substantially in phase with the voltage at the first
input; and

a second cascode stage connected to the output of the
second amplifier, the second cascode stage outputting a
voltage that is substantially in phase with the voltage at
the second input; and

a voltage scaling circuit connected between the second input
and the first cascode stage.

3. A differential amplifier comprising:

a first input connected to the input of a first amplifier;

a second input connected to the input of a second amplifier;

a first cascode stage connected to the output of the first
amplifier, the first cascode stage outputting a voltage that
is substantially in phase with the voltage at the first
input; and

a second cascode stage connected to the output of the
second amplifier, the second cascode stage outputting a
voltage that is substantially in phase with the voltage at
the second input; and

a voltage scaling circuit connected between the first input
and the second cascode stage.

4. A differential amplifier comprising:

a first input connected to the input of a first amplifier;

a second input connected to the input of a second amplifier;

a first cascode stage connected to the output of the first
amplifier, the first cascode stage outputting a voltage that
is substantially in phase with the voltage at the first
input; and

a second cascode stage connected to the output of the
second amplifier, the second cascode stage outputting a
voltage that is substantially in phase with the voltage at
the second input;

wherein the first amplifier comprises a first transistor
wherein the drain of the first transistor is the output of the
first amplifier, and wherein the first cascode stage com-
prises a second transistor, wherein the source of the
second transistor is connected to the drain of the first
transistor;

wherein the gate of the second transistor is coupled to the
second input.

5. A differential amplifier comprising:

a first input connected to the input of a first amplifier;

a second input connected to the input of a second amplifier;

a first cascode stage connected to the output of the first
amplifier, the first cascode stage outputting a voltage that
is substantially in phase with the voltage at the first
input; and
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a second cascode stage connected to the output of the
second amplifier, the second cascode stage outputting a
voltage that is substantially in phase with the voltage at
the second input;

wherein the first amplifier comprises a first transistor
wherein the drain of the first transistor is the output of the
first amplifier, and wherein the first cascode stage com-
prises a second transistor, wherein the source of the
second transistor is connected to the drain of the first
transistor; and

a feedback stage that is operative to shift the phase of the
voltage at the second input one-hundred eighty degrees
and, wherein the phase shifted voltage is applied to the
gate of the second transistor.

6. A method for cancelling the Miller effect in a differential
amplifier, the differential amplifier comprising a first invert-
ing amplifier and a second inverting amplifier, the method
comprising:

receiving a first signal at the input of the first inverting
amplifier;
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receiving a second signal at the input of the second invert-
ing amplifier;

phase shifting the first signal by one-hundred eighty
degrees;

phase shifting the second signal by one-hundred eighty
degrees;

feeding the first phase shifted signal to the output of the
second amplifier to cancel the Miller effect of the second
amplifier; and

feeding the second phase shifted signal to the output of the
first amplifier to cancel the Miller effect of the first
amplifier.

7. The method of claim 6, wherein:

the feeding the first phase shifted signal comprises feeding
the first phase shifted signal to the gate of a transistor
used in a first cascode biasing circuit; and

the feeding the second phase shifted signal comprises feed-
ing the second phase shifted signal to the gate of a
transistor used in a second cascode biasing circuit.
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